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(54) lUlethod of producing tyres, of making vulcanization moulds for said tyres, tyres and moulds 
thus produced 

(57) Mould parts of a mould for vehicle tyres, such 
as sector matrices in a centripetal mould, are made by 
sintering of a metal- or ceramic-based powder (3) cycli- 
cally deposited in consecutively superposed layers. 
Deposition of each layer is followed by sintering of the 
powder by a laser beam (8) moving within previously 
defined areas delimiting oontours of the sintered lami- 
nate portion thus obtained. Movement of the laser beam 
(8) is managed by a programmable electronic control 
unit (1 1) in which digital information defining the three- 
dimensional graphic representation of the mould portion 
to be obtained is stored. The digital information is proc- 
essed for dividing the graphic representation into super- 
posed layers corresponding each to one of the laminate 
portions to be obtained by sintering of the correspond- 
ing powder layer. Thus moulds of sintered material are 
obtained, which are provided with inner microcavities 
enabling air ejection during the tyre vulcanization. 
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Description 

The present invention relates to a method of mould- 
ing and vulcanizing tyres for vehicles, to the mould for 
carrying out said method and the tyre thus vulcanized. 

The invention also relates to a method of making 
vulcanization moulds for vehicle tyres, said moulds 
being of the type comprising inner walls provided with 
surface projections and/or cavities adapted to define 
conresponding cavities and/or projections on a tyre 
being worked. 

It is known that moulds used for vulcanization of 
vehicle tyres are usually comprised of a pair of so-called 
cheeks, of annular conformation, in coaxial opposition 
with each other, adapted to operate at the tyre side- 
walls, as well as a plurality of circumferentially-distrifc>- 
uted sectors arranged to operate on the tyre tread band 
to define a so-called tread pattern thereon, generally 
fornned of mutually-intercalated longitudinal and trans- 
verse grooves so as to define respective land portions 
and/or blocks. 

For the purpose of defining said tread pattern, the 
mould sectors must be provided, on their inner surfaces 
intended for getting into contact with the tread band, 
with a great number of surface projections crossing 
each other according to nrxxialities varying each time, 
depending on the operational requirements to be 
obtained. 

Usually, these surface projections are formed on so- 
called "matrices", i.e. interchangeable plate-like metal 
elements applied to the interior of the respective sec- 
tors. 

With reference to the cheeks, taking into account 
the fact that raised portions are likely to be created on 
the tyre sidewalls for defining a graphical identification 
of the tyre for example (trademarK tyre size or other 
specifications), said cheeks are to be provided with cor- 
responding cavities adapted to generate said raised 
portions. 

A problem of particular importance connected with 
the tyre nwukjing is to ensure evacuation of the air 
entrapped between the mould and carcass during the 
mould closure; if not. the air built up inside the mould 
can cause an uneven rubber distribution on the carcass, 
also generating formation of bubbles on the tyre sur- 
face, which would seriously impair both the aesthetic 
appearance and quality of the vulcanized tyre. 

For the purpose, many holes of small diameter usu- 
ally defined as "vents" or Venting channels" are formed 
in the mould walls by machine tools, which vents are 
distributed following different modalities over the whole 
mould surface, both at the tread and at the cheeks and 
are adapted to enable a complete air ejection from the 
interior of the mould during the tyre moulding cycle. 

However, the presence of these vents gives rise to 
several different problems. Rrstly. due to the size of said 
holes that cannot fall beyond given limits imposed by the 
features of the tools used for making them, penetration 



of rubber, made fluid by vulcanization heat, is enabled, 
so that the vulcanized tyre is covered with unaesthetic 
rubber stems, hereinafter referred to as "sprues", that 
are usually eliminated before the tyre commerdaliza- 

5 tion. which will involve a further working and conse- 
quent increase in costs. 

In addition, which is not of less importance, it is very 
difficult to make holes opening into very critical areas for 
air-ejection purposes, at the surfaces of a curved outline 

10 for example, such as the base of the surface projections 
in matrices, or at the crossing areas of the projections. 

For accomplishment of surface projections on 
matrices and appropriate seatings for housing the well- 
known narrow lamellae, long material-removal workings 

75 involving use of numerical-control machine tools are 
required and several drawbacks are involved. 

Actually, in these machine tools for setting of the 
matrix working cycle, a long programming work is 
required which aims at defining and optimizing the path 

20 to be covered by tools for making the matrix itself, based 
on the interpretation of the plan drawings. On defining 
the path to be followed by the tools, selection of compro- 
mise and/or makeshift solutions is very often required 
when, for technical reasons that are likely to depend on 

25 the construction and operating features of a given 
machine tool, it is impossible or in any case too much 
difficult to obtain particular geometrical features repro- 
duced in the plan drawings. For selection of alternative 
solutions usually the staff assigned to programming of 

30 the machine tools is required to ask for advice the staff 
responsible of the tread pattern planning. 

It should be also noted that, since definition of the 
tool path Is influenced both by the machine tool type to 
be used and the experience and skill of the staff 

35 assigned to programming of same, moulds made on dif- 
ferent machine tools, although based on the same con- 
struction drawings, are likely to give rise to tyres that are 
not perfectly similar in terms of geometric and/or quali- 
tative features. 

40 In addition to the foregoing it is also to note that, in 
accordance with the knawn art the vulcanization mouki 
of a tyre must possess particular features of mechanical 
strength. 

Actually, in order to ensure moukJ closure against 
45 the action of moulding and vulcanization pressures, the 
different mould parts are tightly locked together at high 
pressures, in the order of 28 kg/cm^. At the same time, 
the mould must bear high vulcanization temperatures, 
usually in the order of 150''C • 180''C. applied over peri- 
50 ods of 1 5 - 20 minutes. Finally, the mould nrujst as much 
as possible withstand wear produced by repeated open- 
ing and dosing cycles, as well as mounting and disman- 
tling cycles, and the periodic cleansing operations. 
Practically, usual moulds normally carry out at least as 
55 much as 1 50.000 vulcanization cycles, before becoming 
useless or obsolete. 

Initially, the applicant was on the lookout for a sim- 
pler manner to make moukjs provided with holes 
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adapted to enable a complete air ejection from the inte- 
rior of the mould during the tyre moulding step. 

in accordance with the invention, the applicant has 
envisaged the possibility of forming the mould, or part 
thereof, using as the starting material a powder capable 
of being sintered On the following "sinterable powderT 
which is deposited in superposed successive layers, in 
each of which the powder is sintered in the space delim- 
ited by a predetermined contour, by a laser beam or 
other localized-heating means managed by an elec- 
tronic control unit. It has been found that, by so doing, It 
is possible to make moulds provided with vents or vent- 
ing channels in a simplified manner and with a strict 
control on the position and geometric sizes of said 
channels that can be made as thin as wished: in partic- 
ular, said channels can be made without any additional 
difficulty also at surfaces of complicated outline or at 
particularly critical mould areas. 

The applicant has also found that the powder parti- 
cles, bonded together by sintering at the points of 
mutual contact, leave small intercommunicating cavities 
between each other, the sizes of which are determined 
by control of the powder particle size: these microcavi- 
ties do not enable entry of the ruttoer but they offer a 
sufficient perviousness to air, capable of allowing an 
easy ejection of same through the mould wall, for the 
purpose of using them in tyre manu^cturing, thereby 
avoiding resorting to provision of usual venting chan- 
nels, as required in the traditional methods. 

Thus, the problem represented by the known and 
already mentioned rubber sprues present in the vulcan- 
ized tyre is conpletely eliminated. 

Finally, it has been surprisingly found that the use of 
moulds for tyres obtained by sintered powders, and 
therefore devoid of the solkJity and duration features 
typical of conventional tyres, in the process for tyre vul- 
canization, does not represent a hindrance to the man- 
ufacture of tyres either in small stocks or mass- 
produced. 

In a first aspect the invention relates to a method of 
making tyres for vehicle wheels by a vulcanization 
mould comprising inner walls provided with surface pro- 
jections and/or cavities adapted to define conesponding 
cavities and/or projections on a tyre being worked, char- 
acterized by the use of a mould in which the material 
forming at least part of said inner walls consists of a sin- 
tered powder, and in particular a mould without any air 
vents, so as to make tyres devoid of sprues. 

in a second aspect, the invention relates to a 
method of making vulcanization moulds for vehicle 
tyres, conprising the following steps: depositing a layer 
of sinterable powder; submitting the powder layer to 
localized-heating means to determine powder sintering 
at the points concerned with the action of said localized- 
heating means; moving the tocalized-heating means on 
the powder layer in at least one movement area delim- 
ited by a predetermined periphery, to give rise to at least 
one sintered laminate portion: cyclically repeating the 



above listed sequence of steps to form at least part of 
said moukJ by a plurality of sintered laminate portions 
consecutively superposed and each delimited by a 
respective periphery. 

5 Preferably, said locaiized-heatirg means comprises at 
least one laser beam. 

The movement areas of said localized-heating 
means are advantageously defined by digital informa- 
tion obtained through data programming and process- 

10 ing by a computer, said programming being carried out 
in the following steps: defining a three-dimensional 
graphic representation of the mould portion to be made; 
dividing said graphic representation into a plurality of 
superposed layers of predetermined thickness, each 

15 corresponding to one of said sintered laminate portions 
to be created by movement of the localized-heating 
means on the sinterable powder layer, movement of the 
localized-heating means being carried out upon com- 
mand of an electronic control unit in which said digital 

20 information has been previously stored. 

Advantageously, the method may be conducted in 
such a manner that, following sintering, the sinterable 
powder particles are mutually joined leaving cavities 
intercommunicating with each other between each par- 

25 tide and the adjacent ones. 

In accordance with a preferential embodiment of 
the invention, thickness of each of said layers is 
included between 0.2 mm and 0.5 mm, and the sintera- 
ble powder has a particle size included between 30 

30 and 100 ^. 

In a possible alternative embodiment of the inven- 
tion, the sinterable powder consists of ceramic-based 
material offering the advantage of making available a 
tyre vulcanization method for vehicle wheels comprising 

35 a step of supplying heat to the interior of a vnou\6, car- 
ried out by microwaves and in different amounts at dif- 
ferent areas of the tyre to be vulcanized. 

In a further aspect, the present invention also 
relates to a mould obtained by the above described 

40 method. This vulcanization mould for tyres is character- 
ized in that the material forming at least part of said 
inner walls consists of a sintered powder. 

In more detail, the sintered powder forming said 
inner walls has particles mutually bonded at respective 

45 junction points and alternated with mutually intercom- 
municating cavities. 

In a preferential embodiment, the mould has lamel- 
liform projections of sintered material joined in one 
piece to the inner walls of the mouki itself, said lamelli- 

50 form projections being likely to have thickness variations 
in their transverse section. 

Ihe mould may be also provided with air vents or 
venting channels opening in an original manner also at 
critical surface areas, such as the surface projection 

55 base of the matrices or the crossing areas in said pro- 
jections. 

The inner walls of the mould can be advanta- 
geously provkJed with a surface debosslng. 
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In another aspect, the present invention relates to a 
vulcanization nrauld for vehicle tyres characterized in 
that it conprises a plurality of sniall cavities intercom- 
municating with each other and adapted to enable air 
ejection from the mould during the vulcanization cycle. 

In one of its different aspects, the present invention 
also relates to a tyre for vehicle wheels, which Is vulcan- 
ized in a vulcanization mould comprising inner walls 
adapted to define an outer surface of said tyre being 
worked, wherein the material forming at least part of 
said inner walls consists of a sintered powder. 

Preferably the outer surface portion defined by said 
part of the inner walls formed of a sintered powder com- 
prises the surface of said tread band. 

Further features and advantages will become more 
apparent from the detailed description of a preferred but 
non-exclusive embodiment of a method of making vul- 
canization moulds for motor-vehicle tyres, in accord- 
ance with the present invention. Such description will be 
given hereinafter with reference to the accompanying 
drawings, by way of non-limiting example, in which: 

- Fig. 1 shows schematically in a diagrammatic sec- 
tional view, an apparatus used to make parts of a 
mould in accordance with the present invention; 
Fig. 2 is a front view, given just as an indication, of 
an inner surface of a matrix of a mould for vehicle 
tyres, feasible by the method of the present inven- 
tion; 

fig. 3 is an enlarged perspective view of the matrix 
portion corresponding to area "N" in Rg. 2; 
Fig, 4 is an enlarged and broken off section of a 
portion of the mould matrix, executed ortiiogonally 
to tiie development plane of Fig. 2; 

- Fig. 5 shows a tyre cut. made by a mould according 
to the invention. devokJ of air vents; 

- Fig. 6 is a greatly enlarged perspective view of the 
matrix portion in Fig. 3, showing a limited portion of 
a sintered powder layer in detail. 

Witii reference to Rg. 1. an apparatus for making 
vulcanization moulds in particular for vehicle tyres, in 
accordance with a metiiod being tiie object of tiie 
present invention has been generally identified by refer- 
ence numeral 1. 

It is to note ttiat tyres produced by the metiiod and 
the mould of tiie invention are usual tyres of the tradi- 
tional type, commonly known to technicians: they com- 
prise (Rg. 5) a radial-ply or cross-ply carcass, of toroidal 
conformation, comprising a strong structure formed of 
at least one ply 100 of rut>berized fiabric. having its ends 
101 turned up each about an anchoring core 102 which 
is provided, at the radially outer surface thereof, witii a 
rubber filling 103. Preferably the turned up flaps of the 
carcass ply radially extend outwardly along at least part 
of tfie side of said filling. 

As known, tiie tyre area comprising tiie bead-core 
and filling forms the tyre bead intended for anchoring 



the tyre to a conresponding mounting rim, not shown. 

Disposed on the carcass in known manner is a 
tread band 104, provided with a raised pattern defined 
by cuts 105 and grooves 106 formed in the band thick- 

5 ness, said tread being adapted for rolling contact of the 
tyre on tiie ground. 

These tyres may also comprise a belt structure dis- 
posed crownwise to tfie carcass, interposed between 
ttie carcass and ti-ead band, substantially extending 

10 from one tyre sidewall to the otiier sidewall. that is as 
wide as tiie tread band, comprising at least two radially 
superposed layers 107 and 108 of reinforcing cords, 
preferably of metal material, parallel to each otiier in 
each layer and in aossed relationstiip witii tiiose of the 

15 adjacent layer relative to the equatorial plane of tiie tyre, 
and preferably also a radially outermost layer of rein- 
forcing cords oriented at 0"", tiiat is in a circumferential 
direction. Commonly known are variants to the above 
described structure for specific uses of tiie tyre and tiiey 

20 can also be applied to tiie tyres of tiie invention. 

In particular, the tyre produced witii the prototype 
mould in accordance with tiie invention is a tyre for car 
having a radial-ply carcass, size 225/55R16. of t-adi- 
tional structure, provided with the tread pattern shown in 

25 Fig. 2, being the object of the Italian patent application 
No. MI931 1 19 of May 31 . 1993 to which please refer for 
details, if needed. 

Apparatus 1 is not part of the present invention and 
is tiierefore described only as regards its essential com- 

30 ponents. Therefore, apparatus 1 as such is known per 
se and already employed in otiier technological fields, 
mainly to make models and/or prototypes of machine 
parts. By way of example, apparatuses of tiie type to be 
used for putting tiie method in reference into practice 

35 are commercialized by firms "3D" and "EOS". 

After the above statements, it is pointed out that 
apparatus 1 comprises a holding chamber 2 filled with a 
sinterable powder 3, metal material of a particle size 
included between 30 ^ and 100 ;i. preferably in tiie 

40 order of 40 |x, for example. Powders adapted for use are 
for example available from "Elettrolux". The holding 
chamber 2 has an open side 2a from which tiie upper 
surface 3a of the sinterable powder mass 3 emerges. 
On its side opposite to the open side 2a. the holding 

45 chamber 2 has a bottom wall 2b formed of a lifting plate 
4 axially slidable in tiie holding chamber towards tiie 
open side 2a of the latter. The lifting plate 4 tiirough a 
rod 4a is subjected to tiie action of movement means 4b 
only diagrammatically shown, to be activated for making 

50 tiie lifting plate carry out a short displacement towards 
tiie open side 2a of the holding chamber 2, as shown by 
arrow "A". 

Anranged beside the holding chamber 2 is a collect- 
ing chamber 5 provided witii a respective open side 5a 
55 substantially coplanar with ttie open side 2a of tiie hold- 
ing chamber itself. The collecting chamber 5 has a cor- 
responding bottom wall 5b consisting of a supporting 
plate 6 axially slidable wittiin the chamber. Through a 
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respective drive rod 6a. the supporting plate 6 is sub- 
jected to the action of respective movement means 6b 
to be activated to give the plate a short displacement 
away from the open side 5a of the collecting chamber 5, 
as shown by an'ow "B". 5 

Apparatus 1 further comprises a distribution doctor 
blade 7 substantially operating in the lying plane of the 
open sides 2a. 5a of the holding and collecting cham- 
bers. 2 and 5 respectively 

Upon tiie action of drive means 7b operating on a io 
connection rod 7a. tiie distribution doctor blade 7 is 
operated witii a reciprocating motion so a» to pass over 
the holding and collecting chambers, 2 and 5. at their 
open sides 2a and 5a. as shown by arrow "C". Furtiier 
operating at ttie open side 5a of the collecting chamber is 
5 is locatized-heating means preferably consisting of at 
least one laser beam 8 produced by an emitting source 

9 and deviated to the connecting chamber by a mirror 

10 or equivalent optical-deviation means. 

During operation of apparatus 1 , the lifting plate 4 is 20 
moved over a given length towards tiie open side 2a of 
the holding chamber 2 so as to slightiy raise the upper 
surface 3a of the sinterable powder mass 3 relative to 
the lying plane of the open side itself. Simultaneously, 
the supporting plate 6 is moved away from the open 25 
side 5a of the collecting chamber 5 over a length corre- 
sponding to the displacement carried out by the lifting 
plate 4. 

Following one reciprocating-movement cycle of the 
distribution doctor blade 7, tiie sinterable powder 3 30 
emerging from the lying plane of the open side 2a is 
transferred to tiie collecting chamber 5 and deposited 
therein so as to form a layer of predetermined thickness 
on the bottom surface 5b defined by plate 6 or tiie pow- 
der layer or layers previously deposited in said collect- 35 
ing chamber. 

The sinterable powder layer deposited in the col- 
lecting chamber 5 as above desaibed is tiien submitted 
to tiie laser beam 8 action which is capable of causing 
localized sintering of tiie powder at tiie point impinged 40 
on by tiie beam itself. 

Upon the action of movement means (not shown) 
operating on mirror 1 0. the laser beam 8 is set in motion 
on the powder layer deposited in tiie collecting chamber 
5, within at least one movement area delimited by a 45 
given periphery 

Movement of minor 10. and therefore of tiie laser 
beam 8, is managed by a programmable elecb'onic con- 
trol unit 1 1 that advantageously may also oversee oper- 
ation of ail actuators 4b. Gb, 7b provided in apparatus 1 . so 
as well as of the emitting unit 9. 

The powder particles 3 impinged on by laser beam 
8 in the above mentioned movement area or areas are 
mutually bonded at tiie points of mutual contact, thereby 
giving rise to one or more sintered laminate portions of ss 
solid structure. Thickness of each sintered laminate por- 
tion substantially con^esponds to the thickness of tiie 
previously deposited powder layer, whereas contours of 



same coincide witii tiie periphery of tiie corresponding 
movement area of laser beam 8. 

Thicknesses of the powder layers subsequentiy 
deposited, and therefore the sintered laminate portions 
consequently obtained, can be varied by modifying tiie 
amount of the displacement candied out by plates 4 and 
6 before passage of doctor blade 7. and they are 
selected depending on tiie power of tiie available laser 
beam 8 and tiie geometric and size precision tfiat is 
required to be obtained on tiie mould during tiie manu- 
facturing step. 

In a preferential solution, the ttiickness of each of 
the deposited powder layers is preferably included 
between 0.2 and 0.5 mm and more preferably 0.3 mm. 

Advantageously, by cyclically repeating the above 
described operating cyde with reference to deposition 
of one sinterable powder layer 3 and sintering of same 
at tiie movement areas of the laser beam 8, a plurality of 
sintered laminate portions consecutively superposed 
and mutually joined to form a vulcanization mould, or 
preferably, a desired mouM part, are easily obtained. 

In accordance witii the method of tiie present 
invention, the movement areas of tiie laser beam 8 on 
tiie sinterable powder layers deposited in succession 
are essentially defined by digital information stored in 
tiie electi'onic control unit 11. This digital information is 
obtained, witii tiie aid of a computer, by programming 
and processing data substantially in ttie following two 
steps. 

A first st^ essentially consists in defining a graphic 
tiiree-dimensional representation of the mould portion 
to be made. Advantageously, tiiis step can be directiy 
achieved within tiie mould planning scope on a compu- 
ter having a planning program of the type commonly 
referred to as "C. A.D.". 

This graphic representation is then dividaj into a 
plurality of superposed layers of given tiiickness, corre- 
sponding to, or in any case correlated with tiie tiiickness 
of tiie sinterable powder layers to be d^osited in tiie 
collecting chamber 5 and, consequentiy. the layer of tiie 
laminate portions fomied upon the action of the laser 
beam 8. 

Advantageously, division of the graphic representa- 
tion in the above described manner can be directly car- 
ried out by tiie electronic conf ol unit 1 1 by processing 
of digital information defining tiie graphic representation 
itself. This digital information can be inputted to the con- 
trol unit 1 1 , either by loading of a file from a common 
magnetic or optical medium for example, or directiy 
tiirough interconnection of the electronic control unit 1 1 
with a terminal in which the above digital information 
has been previously processed and/or stored. 

Fig. 2 shows a mould portion made by the method 
in question and represents one of the eight mati-ices 12 
in front view, each of said mati'ices being mounted on 
tiie corresponding sector of a centripetal mould which, 
in known manner, comprises said annular anangement 
of eight sectors for moulding of tiie tread band and two 
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axially opposite cheete operating at the tyre sidewalls. 
Fig. 5. in a different aspect of the two tyre surfaces, 
shews the usual separation line between cheek and 
sectors. As can be easily viewed from Rg. 2. said matrix 
12 has longitudinal projections 13 directed parallelly to 5 
the drcumferential extension of the tyre and alternately 
arranged with transverse projections 14 for delimiting 
con'esponding cavities 15 intended to form correspond- 
ing blocks on the tyre tread band. Also arranged in said 
cavities 15 are lamellifbrm projections 16 of limited w 
thickness, more comnranly called "lamellae", arranged 
to define corresponding cuts of reduced width or "nar* 
row cuts" in the tyre blocks. 

Fig. 3. showing an enlarged perspective view of the 
matrix portions con'esponding to area "N** in Fig. 2, is 
depicts division of the graphic representation into super- 
posed layers "S", each con'esponding to one of the 
obtained sintered laminate portions. 

In the above description it is apparent that the 
method In reference enables any mould part of what- 20 
ever structural complexity to be made in a much shorter 
period of time and at much more reduced prices than 
when traditional working methods on the machine tool 
are adopted: in particular, in the light of the above, the 
method in reference lends itself to be adopted in a par- 25 
ticularly advantageous manner to make mould matrices 
the geometric configuration of which is made particu- 
larly complicated due to the presence of the great 
number of projections 13.14. 

It is particularly to note that the execution time of 30 
the concerned nfx>uid part practically is not adversely 
affected by the structural complexity of same. 

Actually, simultaneous accomplishment of all pro- 
jections inclusive of lamellae 16 can be achieved by 
deposition of successive layers of stnterable powder. 35 
alternated with the laser beam 8 action. 

If at least on one tyre sidewalt accomplishment of at 
least one raised portion is wished, which wilt for exam- 
ple define a graphic element for tyre identification 
(trademark, tyre size or other indications), a corre- 40 
spending cavity will be generated in a portion of one of 
the inner mould walls formed of sintered powder. 

The method is particularly advantageous when said 
identification elements on tiie tyre are not wished to be 
made as prelections, but as depressions or cavities in 45 
the tyre sidewall tiiickness: in this case raised elements 
are required to be arranged on the corresponding mould 
wails, instead of the usual cavities, and this solution 
cannot be proposed when known methodologies are 
adopted, due to the high manufacturing cost. so 

Should the geometric configuration of matrix 12 
exhibit sur^ce portions tiiat can be easily obtained by 
working on the machine tool as well, prevision may be 
made for making given matrix parts alone witii the 
method in question. 55 

By way of example, in the solution shown in Fig. 2, 
the central matrix part denoted by "H", as well as the 
mould cheeks, have been made by working on a 



macNne tool, whereas the skJe portions "K** of compli- 
cated geometric conformation have been more conven- 
ientiy obtained by the metiiod of the invention. 

As above described, the metiiod in question, in 
addition, achieves direct programming of apparatus 1 
for making moulds by mere data loading in the elec- 
tronic control unit 1 1 . tiiereby eliminating tiie long inter- 
ventions required in the known art for defining the patii 
to be followed by tools, based on interpretation of draw- 
ings supplied by the planning departments. 

It is farther to note ttiat tiie present invention also 
enables different unexpected advantages to be 
achieved in the obtained moulds or parts tiiereof . 

During a moulding and vulcanization sampling of a 
prototype tyre a sintered mould devoid of air vents or 
venting channels has been experimented. 

To the ends of the present desaiption by "ar vent" 
or "venting channel" it is intended an opening crossing 
the mouW tiirough the whole tiiickness of same foltow- 
ing a substantially straight direction. 

At the end of vulcanization, after drawing tiie tyre 
from the mould, it has been seen tinat the achieved tyre 
did not exhibit any unevenness typical of tyres vulcan- 
ized by means of conventional moulds devoid of air 
vents, while, on the other hand, being free from sprues. 

The applicant has intuitively understood that as a 
result of sintering, the powder particles, after being 
bonded together in a stable manner at the mutual-con- 
tact points, left small cavities communicating witii each 
otiier. altiiough closed to rubber penetration, between 
each particle and particles adjacent tiiereto. The appli- 
cant has found tiiat the width of tiiese microcavities can 
be easily imposed, in relation to tiie viscosity features of 
tiie bdend used for the tyre tread and sidewalls for exam- 
ple, by suitably selecting witiiin the values pointed out 
above, tiie particle size of tiie powder used for mouki 
construction. 

In this manner, said Intercommunicating cavities 
closed to blend penetration, do offer a sufficient pervi- 
ousness to air, capable of enabling an easy air ejection 
through the matrix or another corresponding mould wall, 
during tiie tyre vulcanization cyde, without resorting to 
usual air vents as required in known metiiods. 

In this connection, Fig. 6 shows a very enlarged 
detail of tiie part shown in Fig. 3. only emphasizing a 
sintered laminate layer; on tiie otiier hand, all mati'ices 
of the prototype mould have been made indivkJually, fol- 
lowing the method described with reference to Figs. 1 
and 2 and enploying tiie already mentioned apparatus 
available from "EOS" as the sintering apparatus, with a 
laser beam having a 30 watt power, and a powder made 
of a copper-, aluminium- and iron-based metal material 
as the sintering powder, the partide size of which is in 
the order of 40 fi and which is available from Elettrolux. 

Looking at this detail, a plurality of powder particles 
50 bonded togetiier at their contact points can be seen. 
One can also notice the corresponding plurality of 
microcavities 60 that partides form between each otiier. 
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due to a substantial particle sphericity. 

It is now apparent wtty by an appropriate selection 
of the particle sizes, it is possible to control the width of 
these microcavities in such a manner that their geomet- 
rical size, in relation to the blend viscosity, is, on the one s 
hand, sufficiently large to enable an easy air escape 
during the vulcanization step and. on the other hand, 
sufficiently small to limit rubber penetration. 

It is in any case to note that the method in reference 
enat^es said air vents, in particular of cylindrical form, to io 
be obtained, if required, with sizes (the diameter in par- 
ticular) of the desired value, without any additional work- 
ing or any increase in the working times being required. 

In particular, the obtained mould may be also pro- 
vided with air venting channels 1 7 that, as exemplified in is 
Fig. 4, open at critical surfaces on the inner mould wails. 
This possibility appears to be particularly advantageous 
for achieving air venting channels 1 7 perimetrically con- 
verging on the cavity 15 bottom such as channel 70 in 
Fig. 6, placed at the crossing between the rib 14 and 20 
lamella 1 6, that is at particularly critical areas to the end 
of air ejection. 

By the methods of mechanical material removal 
hitherto used, this result cannot be achieved, or can be 
achieved in a very slow and difficult manner. 25 

Preferably, the diameter of the venting channels 17 
made in accordance with the invention does not exceed 
0.5 mm. 

Preferably, in order to further limit the mould possi- 
bility of being penetrated by rubber without limiting the 3o 
microcavity sizes too much, the venting channel con- 
sisting of a series of radially adjacent microcavities 60 
can have a non rectilinear course. 

The mould made in accordance with the invention 
advantageously lends itself to give desired aesthetic 35 
and/or operational features to the produced tyres, such 
as debossing of the outer surface, for example. 

The surface roughness that can be given to the 
mould by powder sintering promotes a possible treat- 
ment of the inner mould surfaces by application of poly- 40 
meric coatings, aiming at promoting flowing of air to the 
venting channels for example, and/or fadlitating separa- 
tion of the tyre on opening of the mould. 

in accordance with a possible alternative embodi- 
ment of the invention, sinterable powders of a ceramic- 4S 
based material may be employed. 

The moulds of sintered ceramic material that can 
thus be obtained make it possible to carry out tyre vul- 
canization by heat supply through microwaves, instead 
of by steam as commonly used in present vulcanization 50 
processes. It is to note that vulcanization by microwaves 
offers the great advantage over the use of steam, of 
being able to differentiate heat supply from one tyre 
area to another depending on specific requirements. 
Advantageously, during vulcanization the heat amount 55 
supplied to the tyre bead area will be greater than that 
supplied to the belt/tread area, which in tum will be 
greater than that supplied to the sidewall area, depend- 



ing for example on the specific thickness of the tyre wall 
at the three different areas. 

In an original manner and advantageously, the 
mould made in accordance with the present invention 
may be provided with lamellae 16 formed in one ^ece 
with the remaining parts of the mould and in case of 
need having thickness variations in their transverse sec- 
tion. 

Due to tile possible above procedure for making 
tiiese lamellae, not only costs necessary in the known 
art for manufacturing and engaging the individual lamel- 
lae at tiie mouM interior are eliminated, but also partic- 
ular operational features in the tyres can be obtained, by 
arrangement of undercuts or other particular geometric 
configurations for the narrow cuts, as well as for tiie lon- 
gitudinal and transverse grooves, formed in the tyres 
tiiemselves. 

It is to note ttiat tiie important reduction in costs 
achieved by the present invention in tiie field of mould 
production makes it convenient to employ moulds thus 
made also for producing small tyre stocks, or even for 
making prototype tyres when new tread patterns are to 
be studied and planned. Actually, manufacture of tiie 
mould by the method in question appears to be eco- 
nomically advantageous even with respect to tiie 
present techniques for making prototype tyres, in which 
use is made of skilled manpower for manually forming 
cuts and grooves for the pattern being defined on tiie 
tread band. 

in addition, for reducing the environmental impact 
of tills technology and achieving a further advantage on 
tiie production costs, it is important to note tiiat tiie 
mould, once the production cycle has been completed, 
can be converted to powder again. This is obtained by 
crushing the mould, that is the sintered powder parts, by 
a grinding operation following known methods and 
means. The powder tiius obtained can be used again 
without difficulty for production of a new mould. 

Obviously, a person skilled in tiie art, after under- 
standing the invention as above described, will be able 
to carry out modifications, variations and replacements 
of tiie variables associated witii tiie present invention for 
tiie purpose of meeting specif k; and contingent applica- 
tion requirements according to all needs. 

In particular, the metiiod of the invention lends itself 
to be also applied to moulds for tyres of tiie type made 
of two halves, or in any case different from the centripe- 
tal type cited in the course of the present description. 

Claims 

1 . A method of making vulcanization moulds in partic- 
ular for vehicle tyres, comprising the following 
steps: 

- depositing a layer of sinterable powder (3}; 

- submitting the powder layer (3) to localized- 
heating means (8) to determine powder sinter- 
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ing at the points concerned with the action of 
said tocaiized-heating means (8); 

- moving the locaiized-heating means (8) on the 
powder layer (3) over at least one movement 
area delimited by a predetermined periphery, to , s 
give rise to at least one sintered laminate por- 
tion; 

- cyclically repeating the above listed step 
sequence to form at least part (12) of said 
mould by a plurality of sintered laminate por- io 
tions consecutively superposed and each 
delimited by a respective periphery. 

2. A method as claimed in claim 1 . characterized in 
that the movement areas of said localized-heating is 
means are defined by digital information obtained 
through data programming and data processing by 

a computer. 

3. A method as claimed in claim 2. characterized in 20 
that said programming is carried out in the following 
steps: 

defining a three<limensional graphic represen- 
tation of the mould portion (12) to be made; 25 

- dividing said graphic representation into a plu- 
rality of superposed layers ("S") of predeter- 
mined thickness, each corresponding to one of 
said sintered laminate portions to be created 

by movement of the localized-heating means 30 
(8) on the sinterable powder layer (3). 

movement of the localized-heating means (8) being 
carried out upon command of an electronic control 
unit (1 1 ) in which said digital information is stored. 35 

4. A method according to claim 2. characterized in 
that following sintering, the sinterable powder parti- 
cles are mutually joined leaving cavities intercom- 
municating with each other between each particle 40 
and the adjacent ones. 

5. A method according to claim 1. characterized in 
that thickness of each of said layers ("S") is 
included between 0.2 mm and 0.5 mm. 4S 

6. A method according to claim 1, characterized in 
that tiie sinterable powder (3) has a particle size 
included between 30 \i and 100 p. 

50 

7. A method according to claim 1, characterized in 
that tiie sinterable powder consists of a ceramic- 
based material. 

8. A method according to claim 1. characterized in 55 
that said localized-heating means comprises at 
least one laser beam (8). 



9. A vulcanization mould for vehicle tyres, comprising 
inner walls provided witii surface projections (13. 
14) adapted to define cuts and grooves in a tyre 
being worked, characterized in tiiat tiie material 
fbnning at least part of said inner walls consists of a 
sintered powder. 

10. A mould according to daim 9. characterized in tiiat 
tiie sintered powder forming said inner watts has 
particles mutually bonded (50) at respective junc- 
tion points and alternated witii mutually intercom- 
municating cavities (60). 

11. A mould according to daim 9, characterized in tiiat 
it has lamellifbrm projections (16) of sintered mate- 
rial integral witii the inner walls of the mould. 

1 2. A mould according to claim 1 1 , characterized in that 
said lamelliform projections (16) have thickness 
variations in their transverse section. 

13. A mould according to daim 9, characterized in that 
it is provided with air vents or venting channels (17) 
opening at ttie base of surface projections on tiie 
inner walls of the moukj. 

14. A mould according to daim 9. characterized in tiiat 
said inner walls have at least one surface deboss- 

ing. 

15. A vulcanization mould for vehide tyres character- 
ized in that it conrprises a plurality of small cavities 
intercommunicating with each otiier and adapted to 
enable air ejection from the mould during the vul- 
canization cycle. 

1 6. A mould according to claim 1 5, characterized in that 
it comprises further air venting channels (1 7). pref- 
erably opening at curved surfaces on the inner 
walls of the mould. 

17. A tyre for vehicle wheels, comprising a carcass of 
toroidal conformation, a pair of axially opposite 
sidewalls terminating with beads, adapted for 
anchoring of the tyre to a corresponding mounting 
rim. and a tread band disposed crownwise to said 
carcass, intended for rolling contact of the tyre on 
tiie ground, characterized in that it has been vul- 
canized in a vulcanization mould conprising inner 
walls adapted to define ttie outer surface of said 
tyre being worked, wherein tiie material forming at 
least part of said inner walls is made of sintered 
powder partides. 

18. A tyre for vehicle wheels according to daim 17, 
characterized in that the outer surface portion 
defined by said part of the inner walls consisting of 
a sintered powder comprises tiie surface of said 
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tread band. 

19. A tyre for vehicle wtieels according to claim 18. 
characterized in that said tread band has a raised 
pattern defined by grooves and cuts produced in s 
said band by corresponding surface projections 
(13. 14) and lamellifbrm elements (16) formed on 
said part of the inner wall consisting of sintered 
powder. 

10 

20. A tyre for vehicle wheels according to claim 17. 
characterized in that on at least one sidewall it has 
at least one raised portion defining a graphic ele- 
ment for tyre identification, which raised portion is 
generated by a corresponding cavity formed in a is 
portion of said inner walls consisting of a sintered 
powder. 

21. A tyre for vehicle wheels according to claim 17, 
characterized in that at least part of its outer surface 20 
is del>ossed. 

22. A method of producing tyres for vehicle wheels by a 
vulcanization mould comprising inner walls pro- 
vided with projections (13. 14) and/or surface cavi- 25 
ties adapted to define corresponding cavities 
and/or projections on a tyre being worked, charac- 
terized by the use of a mould in which the material 
forming at least part of said inner walls consists of 
sintered powder particles mutually bonded 30 
together. 

23. A production method according to claim 22, charac- 
terized by the use of a mould candying out air vent- 
ing through intercommunicating cavities which are 35 
alternated with the points of mutual junction of said 
sintered powder particles, so as to make tyres sub- 
stantially free from sprues. 

24. A production method according to claim 22, charac- 40 
terized by the use of a mould comprising at least 
one portion made by sintering powder of ceramic 
material. 

25. A production method according to claim 24. charac- 45 
terized by the fact that the heat-supply step within 

the mould Is carried out by microwaves and in differ- 
ent amounts at different areas of the tyre to be vul- 
canized. 
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(54) Form zum Herstellen eines l^rtikelschaumstoff-Formkdrpers und Verfahren zur Herstellung 
eines solchen Werkzeuges 

(57) Die Erfindung betrifft ein Werkzeug zum Her- 
stellen eines Partikelschaumstoff-Formkdrpers mit 
wenigstens einem Werkzeugformteil (12 bzw. 14), in 
das zumindest ein Tell (18 bzw. 20) eines Formhohl- 
raums (16) eingebracht ist wobei das Werkzeugformteil 
(12 bzw. 14) von einem relaliv dOnnwandigen ersten 
Formteil (26), das mit wenigstens einem zweiten Form- 
teil (28) verbunden ist, gebildet ist. Um ein verbessertes 
gattungsgemdBes Werkzeug bereitzustellen, das fOr 
die Herstellung eines verbesserten Partikelschaum- 
stoff-FormkOrpers geeignet ist und Dusendffnungen fur 
den heiBen Dampf aufweist. wobei das Werkzeug 
schnell. einfach und entsprechend kostengunstig her- 
stellbar sein soil, selbst wenn der Formhohlraum eine 
sehr kompiexe Form aufweist. wird vorgeschlagen. daB 
das erste Formteil (26) Dusen6ffnungen (22) aufweist, 
an die sich rohrartige Kan§le (32) des ersten Formteils 
(26) anschlieBen und die Kanale (32) das zweite Form- 
teil (28) durchsetzen. Ein derartiges Werkzeug wird 
erfindungsgemSB in einem Rapid-Tooling. Rapid-Proto- 
typing Oder einem generativen Verfahren. vorzugsweise 
mittels Stereolithographie, hergestellt. 
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Beschreibung 

[0001] Die Erfindung betrifft ein Werkzeug zum Her- 
stetlen eines Partikelschaumstoff-Formkorpers gemdB 
dem Oberbegriff des Anspruchs 1 sowie ein Verfahren 5 
zur Hersteiiung eines derartigen Werkzeuges. 
[0002] Ziim Herstellen von Partikelschaumstoff-Form- 
kdrpern. wie beispielweise Artikei aus expandiertem 
Polypropylen (EPP) oder aus ahnlichen expandierbaren 
polymeren Werkstoffen, z.B. EPE (expandiertes Polye- <o 
thylen). EPS (expandiertes Pdystyroi). PPO (Pdyphe- 
nylQxid) oder dhnliche Polyolefine, werden Werkzeuge 
verwendet, die wenigstens ein Werkzeugformteil auf- 
weisen. in das ein Formhohlraum eingebracht ist In der 
Regel werden zwei solcher Werkzeugformteile verwen- is 
det. welche dann den gemeinsamen Formhohlraum 
zwischen sich einschlie6en. In den Formhohlraum wer- 
den die einzelnen noch unverbundenen Schaumstoff- 
partikel, sogenannte „Beads". eingebracht und mit 
heiBen Wasserdampf in dem Formhohlraum zu dem 20 
Partikelschaumstoff-Formkdrperverschwei(% Der Was- 
serdanpf wird uber Dannpfdusen in den Formhohlraum 
eingespruht. Ein derartiges Verfahren ist beispielsweise 
in der Druckschrift WO 95/08433 beschrieben. 
[0003] Ein derartiges Werkzeug ist zu unterscheiden 25 
von einem SpritzguSwerkzeug. Die wesentlichen Unter- 
schiede bestehen darin. daB beim Partikelschdumen 
erheblich geringere Drucke bendtigt werden und ein 
Werkzeug zum Partikelschdumen DOsenoffnungen auf- 
weisen mu3, durch die heiBer Dampf zum Verschwei- so 
Ben der Partkel in den Formhohlraum einleitbar ist. Die 
DQsenOffhungen mOssen seibstverstdndlich in geeigne- 
ter Weise Zuleitungen aufweisen, mit denen der heiBe 
Dampf von einem Vorat zu den DOsenoffnungen durch 
das Werkzeug hindurch fuhrbar ist 35 
[0004] Die Werkzeugformteile bestehen in der Regel 
aus AluminiumguB. Der Formhohlraum ist durch Frd- 
sen. Bohren. Schleifen, Erodieren o.dgl. in das Alumi- 
nium eingebracht. Die Dampfdusen werden nach 
Fertigstellung des Formhohlraums nachtraglich einge- 40 
setzt, wobei es wegen der geringen GroBe der Dampf- 
dusen unmdglich ist. diese einzein einzusetzen. 
Deshalb werden mehrere Dusen zu sogenannten 
Nestern zusammengefaBt und die Dusennesterdann in 
den Formhohlraum eingebracht. 45 
[0005] Diese bekannten Werkzeugformteile haben 
mehrere Nachteile. Das mechanische Einbringen des 
Formhohlraums ist sehr aufwendig. zeitintensiv und 
entsprechend kostenungunstig. Dies gilt insbesondere. 
wenn der Formhohlraum eine relativ komplizierte und so 
komplexe Struktur hat. wie dies beispielsweise fur einen 
EPP-Formkorper. wie er in der EP 0546211 81 offen- 
bart ist, gilt Die Werkzeuge kSnnen dann extrem teuer 
werden und kommen nur zum Einsatz, wenn entspre- 
chend groBe StOckzahlen der Partikelschaumstoff- ss 
Formkorper hergestellt werden. Anderungen des Form- 
hohlraums eines einmal erstelHen Werkzeuges sind 
wegen der hohen Kbsten zumeist nicht praktikabei. 
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DesAfeiteren sind die DQsen zu Nestem lokal 
zusammengefaBt. so daB unterschiedliche Bereiche 
des PartikelschaumstoffFormkorpers ungleich mit Was- 
serdampf beaufschlagt werden und die ..Beads" daher 
je nach Entfernung zu einem Dusennest unterschiediich 
stark miteinander verschwei Bt sein kfinnen. 
[0006] Aus dem Buch „Werkzeuge fur die PUR-Verar- 
beitung**. Reihe Kunststoff-technik, VDI-Vertag Dussel- 
dorf 1984. S. 153 bis 167. ist ein Werkzeugformteil fur 
die PUR-Verart)eitung bekannt, das zweigeteilt ist und 
ein erstes. relativ dunnwandiges Formteil aus Kunst- 
harz. das die eigentliche Negattvform fur den Formhohl- 
raum bildet. und eir. die StabilitSt bewirkendes zwertes 
Formteil aus kunstharzgebundenem Alugries, das mit 
dem ersten Formteil vert3unden ist. aufweist. 
[0007] Ausgehend von diesem Stand der Technik ist 
es Aufgat}e der Erfindung ein vertessertes, gat- 
tungsgemdBes Werkzeug bereitzustellen, das fOr die 
Hersteiiung eines verbesserten Partikel-schaumstoff- 
Formkorpers geeignet ist und DOsenoffnungen fur den 
heiBen Dampf aufwelst. Das Werkzeug soli schnell, ein- 
fach und entsprechend kostengunstig hersteilbar sein. 
seltkst wenn der Formhohlraum eine sehr komplexe 
Form aufweist. Es ist eine weitere Aufgabe der Erfin- 
dung ein Verfahren zur Hersteiiung eines derartigen 
Werkzeugs anzugeben. 

[0008] Diese Aufgabe wird geldst durch ein gattungs- 
gemaBes Werkzeug mit den kennzeichnenden Merk- 
malen des Anspruchs 1 sowie ein Verfahren mit den 
Merkmalen des Anspruchs 7. 
[0009] Wenn erf indungsgemaB das Werkzeugformteil 
von einem ersten. relativ dunnwandigen Formteil gebil- 
det ist, ist dies in einem Rapid-Tooling. Rapid Prototy- 
ping Oder einem generativen Fertigungsverfahren 
gemdB Anspruch 7 hersteilbar. Auf diese Weise lassen 
sich sehr komplexe Fcrmen, die beispielsweise mit Hilfe 
von CAD-Verfahren leicht erstellbar sind. ohne Mehr- 
aufwand realisieren. Eine Anderung des Werkzeug- 
formteils ist ohne weiteres durch Anderung der CAD- 
Vorlage mOglich. Mit dem erfindungsgemSBen Herstel- 
lungsvefahren ist dann schnell, einfach und entspre- 
chend kostengunstig ein neues Werkzeugformteil 
hersteilbar, wobei das erste Formteil den Formhohl- 
raum definiert. Dusendffnungen fOr die Einleitung von 
heiBem Wasserdampf sind in beliebiger Verteilung und 
an beliebigen Stellen in einfacher Weise in das Werk- 
zeug einbringbar. So konnen die DOsenoffnungen 
bereits bei der Erstellung der CAD-Vorlage berOcksich- 
tigt werden. Die DOsendffnungen mOssen nicht zu 
Nestern zusammengefaBt sein, da ein Einbringen der 
DOsendffnungen nach Fertigstellen des Formhohl- 
raums entf§llt 

[0010] Wenn sich an die DOsendffnungen rohrartige 
Kandle. die das zweite Formteil durchsetzen. anschlie- 
Ben. kann in einfacher Weise das zweite Formteil bei- 
spielsweise in flOssigem Zustand auf das erste Formteil 
aufgegossen werden. wo es dann aushSrtet ohne daB 
die DOsendffnungen durch das AusgieBen verschlos- 



2 



3 



EP0 908286A1 



4 



sen wurden. Mehrerer dieser Kandle kdnnen auf ihrer 
den Dusenfiffnungen abgewandten Seite zusammen- 
gelasst sein. so daB die derart lokal zusammengefas- 
sten Dusen mit einer gemeinsamen Wasserdampf- 
quelle verbunden sein kdnnen. 5 
[001 1 ] Die Kandle kdnnen auch dazu venvendet wer- 
den. das Werkzeug zu temperieren. Dazu kdnnten 
geg^enenfalls weitere KQhlkandle in dem Werkzeug 
vorgesehen sein. 

[0012] DaruberhinauskannQberdieDusendffnungen. 10 

beispielsweise ein Lack Oder dergleichen, eingebracht 
werden, so daB die Oberfldciie des Partikeischaum- 
stoff-Fbrmkdrpers berelts im Werkzeug nnit einer Ober- 
flachenschichi versehen werden kann. Auch kdnnen die 
Dusendffnungen dazu dienen, etwaige chemische 15 
Komponenten gleichverteift in den Formhohlraum ein- 
zubringen. um beispielsweise den Verbindungsprozess- 
der .Beads" zu beschleunigen oder den Partikel- 
schaumstoff-Formkdrper zu stabilisieren Oder zu hdr- 
ten. 20 
[001 3] Ebenso kdnnen die Dusendffnungen dazu ver- 
wendet werden, das Entweichen oder Abfuhren von ' 
Gasen oder Dannpfen. die eventuell bei der Herstellung 
des Partikelschaumstoff-Fbrmkdrpers entstehen, zu 
ermdglichea ' 25 

[0014] Durch beispielsweise eine im wesentiichen 
gleichfdmiige Verteilung der DQsendffnungen auf der 
OberflSche des Fbrmhohlraums IdBt sich eine bessere 
VerschwelBung der „Beads" erreichen. Auch kann eine 
verbesserte Oberfiache des im Werkzeug gebildeten 30 
Partikeischaumstoff-Formkdrpers erreicht werden und 
zwar ohne ein zusdtzliches, in den Formhohlraum ein- 
gelegtes Gitter. wie es die Druckschrift WO 95/08433 
noch off enbart. 

[0015] Die Dusendffnungen kdnnen eine vorbe- ss 
stimmte Geometrie und/oder GrdBe aufweisen 
und/oder kdnnen in einer vorbestimmten Anordnung auf 
dem ersten Formteil verteilt sein. so daB dadurch 
Muster und/oder Rrmenlogos und/oder Produktionsda- 
ten Oder sonstige Informationen auf der Oberfiache des 40 
herzustellenden WerkstOckes dargestelH werden kdn- 
nen. 

[0016] In einer bevorzugten Ausgestaltung der Erfin- 
dung ist das erste Formteil schalenart'g ausg^ikjet, 
wobei der Formhohlraum auf der AuBenseite des scha- 45 
lenartigen Formteils liegt. Somrt kann das zweite Form- 
teil auf einfache Weise mit dem ersten Formteil t 
verbunden werden, indem ein das zweite Formteil bil- 
dende Material in flQssigem Zustand in das schalenar- 
tige erste Formteil gegossen und dort aush§rtet. Das so 
Aushdrten kann durch Tempern oder durch eine geeig- 
nete chemische Reaktion des das zweite Formteil bil- 
denden Materials, das aus einer cxier mehreren 
Konrponenten gebildet sein kann, geschehen. Beim 
AusgieBen des ersten Formteils ist durch die rohrarti- 55 
gen Kanaie gewahrleistet, daB auch beim Auffullen des 
schalenartigen ersten Formteils die Dusendffnungen 
erhalten blaben. 



[0017] Ein kostengunstiges Material fur die Formteile 
ist ein verzugsarmes Harz. Ein Harz stellt auch ein 
geeignetes Material dar, um das erste Formteil im Ste- 
reolithographie-Verfehren gemaB Anspruch 8 herstellen 
zu kdnnen. Alternative Materialien. die ^enfalls fur die 
Stereolithographie geeignet sind. sind Acrylate oder 
Vinylether oder Gmische dieser Substanzen. Die Ste- 
reolithographie ist ein kostengunstiges Verfahren zum 
einfachen und schnellen Erstellen konplexer Struktu- 
ren. also konplexer Fbrmhohlraume. Eine mdgliche 
Alternative zur Stereolithographie wdre das Sintern mit- 
tels Laser, wobei dann als Material jedoch ein Polymer- 
pulver Oder ein Metall/Keramik/Composite-Pulver oder 
dergleichen anstelle eines Harzes eingesetzt wurde. 
Ein Hart hat noch den weiteren Vorteil, daB dadurch das 
Werkeugformteil-eine gewisse wirmeisolierende Wir- 
kung hat. Dadurch kdnnen sich Vorteile bei der Ver- 
schmelzung der .Beads" ergeben, da die zum 
Verschmelzen notwendige Warme im Werkzeug besser 
erhalten bleibt. 

[0018] Bevorzugt bestehen das erste und/oder das 
zweite Formteil aus einem Epcxidharz. Dabei kann das 
Harz des zweiten Formteils Metalle Oder dhnliche Full- 
stoffe aufweisen, um die Steiflgkeit des zweiten Form- 
teils und damit des Werkzeugformteils zu veibessern. 
[0019] Das Werkzeugfbrmteil des erfindungs- 
gemdBen Werkzeugs ist nicht nur fur die beschriebene 
Herstellung von Partikelschaumstoff-Fbrmkdrpern 
geeignet, sondern uber die Dusendffnungen kdnnte 
auch ein Unterdruck an den Formhohlraum angelegt 
werden, so daB das Werkzeugfornrteil auch als Formteil 
fur ein Tiefziehverfahren geeignet ware. Dabei ergeben 
sich die gleichen Vorteile, wie sie oben beschrieben 
sind. namlich die schnelle und einfache Herstellung 
eines kostengunstigen Formteils mit einer beliebig kom- 
plexen Form, jetzt allerdings fur das Tiefziehverfahren. 
[0020] Im fotgenden wird die Erf indung anhand eines 
AusfOhrungsbeispieis unter Bezugnahme auf die Zeich- 
nung im einzelnen eridutert. Es zeigen: 

Rg. 1 eine schematische Darstellung eines 
erfindungsgemdBen Werkzeugs und 

Rg. 2 eine schematische Darstellung der Verfeh- 
rensschritte eines erfindungsgemaBen Ver- 
fahrens zur Hei-steliung eines Werkzeug- 
formteils gemaB Fig.1. 

[0021] Ein in der Fig. 1 dargestelltes, erfindungsge- 
m§6es \N&kzeuQ 10 zum Herstellen von Partikel- 
schaumstoff-Formkdrpern weist wenigstens ein 
Werkzeugformteil 12 bzw. 14 auf. In der Regel besteht 
das Werkzeug 10 aus zwei Werkzeugformteilen 12 und 
14, die zwischen sich einen Formhohlraum 16 ein- 
schlieBen. In dem dargesteltten AusfQhrungsbeispiel ist 
je ein Teil 18 bzw. 20 des Formhohlraums 16 in das 
Werkzeugformteil 12 bzw. 14 eingebracht. In den Form- 
hohlraum 16, der die Form eines zu erzeugenden 
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Schaumstoff-Formkorpers hat. sind Schaumstoffparti- 
kel, sogenannnte ^Beads". eines bestimmten polyme- 
ren Werkstoffes. beispielSMveise expandiertes 
Polypropyten (EPP) Oder ahnliche expandierte Polyole- 
fine, wie EPE (expandiertes Polyethylen). EPS (expan- 5 
diertes Polystyrol) oder PPO (Polyphenyloxid). uber 
eine nicht odher dargestellte BefuliungsOffnung ein- 
bringbar. Uber Dusenoffnungen 22, die auf einer Ober- 
flache 24 des Formhohlraums 16 bevorzugt 
gleichverteilt sind. ist heiBer Wasserdampf in den Fam- 10 
hohlraum 16 spruhbar. so daB durch den Wassendanipf 
die „Beads" miteinander zur BikJung des Formkdrpers 
verschweiBbar sind. Der fertige Partikelschaumstoff- 
Formkorper ist mittels nicht dargestellten Auswerfern 
nach Auseinander^hren der Werkzeuglbrmteile 1 2 und 15 
14 aus dem Werkzeug 10 auswerfbar. 
[0022] Das Werkzeugformteil 12 bzw. 14 weist ein 
erstes Formteil 26 auf, das relativ dOnnwandig und 
bevorzugt schalenartig ausgebikiet ist. Der Teil 18 bzw. 
20 des Formhohlraums 1 6 wird von dem ersten Formteil 20 
26 gebikiet. wobei der Formhohlraum 16 auf der AuBen- 
seite 30 des sc^enartigen Fbrmteils 26 liegt 
[0023] Das Werkzeugformteil 12 bzw. 1 4 weist wenig- 
stens ein weiteres. zweites Formteil 28 auf. Das zwette 
Formteil 28 ist im Inneren des schalenartigen ersten 25 
Formteils 26 angeordnet und mit diesem zur BiWung 
des Werkzeuglormteils 12 bzw. 14 veitunden. 
[0024] An die Dusen6ffnungen 22 schlieBen sich rohr- 
artige Kanile 32 an, die einstuckig mit dem ersten 
Formteil 26 ausgebikJet sind. Die Kan^e 32 durchset- 3o 
jen das zweite Formteil 28 vollstandlg. In einer Ausge- 
' '%[ltung der Erfindung sind mehrere der Kandle lokal 
''zusammengefasst. so daB die derart zusammengefas- 
sten Kandle von den Dusenoffnungen 22 ausgehend 
jeweils in einen gemeinsamen Kanal munden. 35 
[0025] Das Werkzeugformteil 12 bzw. 14 des 
erfindungsgemSBen Werkzeugs 10 kann in einem in 
Fig.2 dargestellten Verfahren. hergestellt werden: 
[0026] In einem ersten Schritt wird das erste Formteil 
26. das den Teil 18 des Formhohlraums 16 bildet, auf 40 
einem Computer, beisplelsweise im CAD>Verfahren, 
erstellt. Dann wird in einem zweiten Schritt im RapU- 
Tooling, Rapid- Prototyping oder in einem generativen 
Verfahren, vorzugsweise mittels computergesteuerter 
Stereolithographie. das erste Formteil 26 gebildet. Fur 45 
die Erstellung des ersten Fomnteils 26 in Stereolithogra- 
phie wird bevorzugt ein verzugsarmes Harz, vorzugs- 
weise ein Epoxidharz. ven^vendet Atternativ sind 
andere. fOr die Stereolithographie geeignete Materia- 
lien, wie beispielsweise Aaylate oder Vinylether oder so 
eine Mischung davon, einsetzbar. Da fur die Stereoli- 
thographie geeignete Harze relativ teuer sind, ist das 
erste Formteil 26 relativ dOnnwandig ausgebikfet. 
Dadurch ergibt sich der weitere Vorteil. daB das erste 
Formteil 26 schnell und wirtschaftllch hergestellt wer- 55 
den kann. 

[0027] In einem dritten Schritt wird das erste Formteil 
26 gesdubert und in einem vierten Schritt werden die 



rohrartigen Kanile 32 an ihrem dem Formhohlraum 16 
abgewandten Ende verschlossen. damit die Kandle 32 
in weiteren Verfahrensschritten nicht verstopfen kon- 
nen. 

[0028] In einem funften Verfahrensschritt wird das 
zweite Formteil 28 gebildet. indem das schalenartige, 
erste Formteil 26 mit einem das zweite Formteil 28 bil- 
denden Material, vorzugsweise mit einem verzugsar- 
men Epoxkiharz. ausgegossen wird. Dann werden in 
einem sechsten Schritt die im vierten Schritt verschlos- 
senen und das zweite Formteil 28 durchsetzenden 
Kanile 32 wieder gedffnet. indem der VerschluB 34 ent- 
fernt wird. 

[0029] In einem letzten, siebenten Verfahrensschritt 
wird das in das erste Formteil eingefullte Material aus- 
gehirtet. Die Aushirtung kann entweder durch eine 
chemische Reaktion zweier, das zweite Formteil 28 bil- 
denden Materialien oder durch Tennpern erfblgen. Das 
Aushirten mittels Tempern ist bevorzugt. da dann das 
Material gleichmaBiger aushirtet. Das Tempern erfolgt, 
]e nach Art des FQllharzes, bei einer geeigneten Aus- 
hartetemperatur. 

[0030] Auch wire es denkt)ar, daB die das erste 
und/oder zweite Formteil bildenden Materialien durch 
Bestrahlung mit eleklromagnetischer Strahlung aushar- 
ten. beispielsweise durch Mikrowellen oder UV-Licht. 
Dann muBten die Materialien enlsprechende optische 
Eigenschaften aufweisen, so daB beispielsweise die fur 
das Aushirten des zweiten Formteils benotigte Strah- 
lung nicht bereits von dem ersten Formteil absorbiert 
wird. Ebenso konnen die ^Beads" des Partikelschaum- 
stoffFormkOrpers durch Strahlung verschmolzen 
und/oder stabilisiert werden. Dann muB das Werkzeug 
und damit das erste und zweite Formteil fur die Strah- 
lung durchlissig seln. 

[0031] Weiter wire es maglich, das erfindungsge- 
miBe Werkzeug in einem Verfahren herzustellen, bei 
dem zunichst mittels Rapid-Prototyping ein Modell des 
Partikelschaumstoff-FormkOrpers erstellt wird. Das 
Modell kann dabei bereits die ^Negativform" der Dusen- 
offnungen mit aufweisen. Danach wird das erste Form- 
teil des Werkzeugformteils durch AbguB erhalten. Nach 
Entfernen des Modells aus dem ausgeharteten Formteil 
ist das Werkzeugformteil erhalten. Auf diese Weise las- 
sen sich erfindungsgemaBe Werkzeuge aus metalli- 
schen Materialien im sogenannten Jnvestment 
Casting" Verfahren erstellen. 

Patentanspruche 

1. Werkzeug zum Herstellen eines Partikelschaum- 
stoff-Fomik6rpers mit wenigstens einem Werk- 
zeugformteil (12 bzw. 14), in das zumindest ein Teil 
(18 bzw. 20) eines Formhohlraums (16) einge- 
bracht ist. wobei das Werkzeugformteil (12 bzw. 14) 
von einem relativ dunnwandigen ersten Formteil 
(26). das mit wenigstens einem zweiten Formteil 
(28) verbunden ist, gebikiet ist. dadurch gekenn- 
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zeichnet. daB das erste Formteil (26) Dusendffnun- . 
gen (22) aufweist, an die sich rohrartige KanSle 
(32) des ersten Formteiis (26) anschlieOen und die 
Kandle (32) das zweite Formteil (28) durchsetzen. 

5 

2. Werkzeug nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Dusendffnungen (22) auf der 
Oberftache des Formhohlraunis (16) im wesentli- 
Chen gleichverteilt sind. 

10 

3. Werkzeug nach Anspruch 1, dadurch gekenn- 
zeichnet. daB die Dusendffnungen (22) auf der 
Oberfldche des Formhohlraums (16) in Form eines 
Musters angeordnet sind. 

15 

4. Werkzeug nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet. daB das 
erste Fbrnriteil (26) schalenartig ausgebikiet ist, 
wobei der Formhohlraum (16) auf der AuBenselte 
(30) des schalenartigen Formteiis (26) liegt. 20 

5. Werkzeug nach einem der vorhergehenden 
Anspnjche. dadurch gekennzeichnet. daB das 
erste und/oder das zweite Formteil (26 und/oder 

28) aus einem verzugsarmen Harz bestehen. 25 

6. Werkzeug nach einem der vorhergehenden 
Anspruche. dadurch gekennzeichnet. daB das 
erste und/oder das zweite Formteit (26 und/oder 
28) aus einem Epoxkfharz bestehen. 30 

7. Verfahren zur Herstellung eines Werkzeuges zum 
Herstellen eines Partikelschaumstoff-Formk6rpers 
nach einem der vorhergehenden Anspruche, 
dadurch gekennzeichnet. daB das erste Formteil 35 
(26) in einem Rapid-Tooling oder Rapid-Prototyping 
Verfehren oder einem generaliven Fertigungsver- 
fahren hergestellt wird und daB die Dusendffnun- 
gen (22) bei der Herstellung gezielt m'rt eingebracht 
werden und daB ein das zweite Formteil (28) bil- 40 
dende Material in flussigem Zustand in das erste 
schalenartige Formteil (26) eingefullt und dann 
ausgehdrtet wird. 

8. Verfahren nach Anspruch 7, dadurch gekenn- 4s 
zeichnet. daB das erste Formteil (26) mittels Ste- 
reolithographie hergestellt wird. 
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